Background: Chronic recurrent multifocal osteomyelitis (CRMO) in children is a chronic non-suppurative inflammation involving multiple sites. Some children affected by chronic non-bacterial osteomyelitis (CNO) do not have multiple lesions or a recurrent course. Objective: To characterise the long term outcome of children with the full spectrum of CNO. Methods: 30 children diagnosed with CNO were followed up for a mean of 5.6 years and their disease assessed using a clinical score, multiple imaging, and a diagnostic biopsy, including extensive microbial analysis. Results: 9 patients had unifocal non-relapsing disease, 3 unifocal lesions with relapses, 9 multifocal lesions without relapses, and 9 multifocal lesions with relapses (CRMO). Granulocytes were present significantly more often in CRMO than in unifocal and non-recurrent lesions. Pustulosis was more common in multifocal cases regardless of recurrence. Mean duration of treatment in 15 children with a single occurrence was 9.2 months. Naproxen treatment was generally effective. Naproxen treatment in 12 patients with relapses lasted 25 months. However, 7 of these were not effectively treated with naproxen alone. Five were treated with oral glucocorticoids for 27 days in addition to naproxen, which induced remission in four, lasting for at least 1.5 years. Longitudinal growth of affected bones was not altered, except for the development of hyperostosis. Conclusion: CNO is a spectrum of inflammatory conditions, with CRMO being the most severe. Most children with CNO have a favourable outcome of the disease. Oral glucocorticoids may be necessary in severe recurrent cases.
C hronic recurrent multifocal osteomyelitis (CRMO) in children has been recognised as a clinical entity for three decades. 1 CRMO encompasses a syndrome of unknown origin characterised by multifocal recurrent lesions, with no infectious agents detectable in the bone lesion. [1] [2] [3] [4] [5] [6] [7] However, a significant number of patients with chronic non-bacterial osteomyelitis (CNO) are affected with a single lesion, which can exhibit the same clinical, radiological, and histological features as multifocal lesions. 1 2 6 8-11 CRMO is considered to be the paediatric form of the SAPHO syndrome, 12 13 and is the most severe form of sterile inflammation of bone in children. Unifocal and single episodes of CNO have been described [8] [9] [10] [11] and may be milder forms of the same or similar pathological processes. Histologically, bone lesions in unifocal and multifocal, uniphasic and recurrent CNO, as well as SAPHO have similar acute and chronic inflammatory features. 1 2 14-17 Importantly, histological examination alone cannot distinguish CNO/ CRMO from acute or subacute bacterial osteomyelitis. 1 2 The difficulty in distinguishing CNO/CRMO from infectious processes necessitates an extensive microbial investigation of the biopsied tissue.
Diagnostic findings suggesting an infectious aetiology have not been consistent: Staphylococcus aureus, 18 Mycoplasma hominis, 19 Propionibacterium acnes, 20 21 Bartonella henselae, 22 and Coxiella burnetii 23 have been isolated from putative CRMO lesions. In contrast with these limited case reports, larger studies have recorded no common infectious agent using standard bacterial cultures. 2 14 17 Polymerase chain reaction (PCR) techniques for microbial testing, including examination for mycobacteria, have not disclosed a causative agent in patients with CNO/CRMO. 2 24 Even though antibiotic treatment has been traditionally recommended for CRMO until recently, 21 25 in general, antibiotic treatment is considered ineffective. In contrast, treatment with non-steroidal anti-inflammatory drugs (NSAIDs) has been reported to be effective. 2 15 26-31 Occasionally, glucocorticoids, 10 30 interferon a, 32 interferon c, bisphosphonates 33 34 and very recently, tumour necrosis factor neutralising agents 35 have been used successfully in the treatment of relapsing cases. However, observations of the long term outcome of a larger cohort of affected children and evaluation of therapeutic strategies are still limited. 7 30 36 We prospectively followed up 30 children diagnosed with CNO in a community based paediatric rheumatology outpatient clinic for at least 5 years to determine whether features of this spectrum of entities were similar. The clinical course and the therapeutic impact of treatment with the NSAID, naproxen, and oral glucocorticoids in patients with frequent relapses were evaluated. Special emphasis was placed on evaluation of the disease course and a comparison of patients with unifocal and multifocal lesions, and monophasic and recurrent disease. The data suggest that CNO is a spectrum of disease syndromes, ranging from unifocal monophasic disease to CRMO.
SUBJECTS AND METHODS

Patients
Between 1991 and 2002 we diagnosed 30 children with chronic osteomyelitis including CRMO (mean age 10.3 years at onset of symptoms, range 2-17, 21 girls, 9 boys). Each patient was followed up for at least 5 years. The mean age at diagnosis was 11.0 years (range 2-21). Patients were diagnosed with CNO/CRMO on the basis of clinical signs of osteomyelitis (pain, local swelling, impairment of limb motion) and diagnostic procedures, including x ray examination (all patients), technetium bone scan (all patients), magnetic resonance imaging (MRI; all patients), and computed tomography (CT; two patients). CT was performed when significant hyperostosis was present which was impairing function of adjacent tissues and joints ( fig 2C) .
In addition, diagnostic bone biopsy, including extensive microbial investigation (standard culture techniques to detect fungi, mycobacteria, aerobic and anaerobic bacteria in all samples) was done in 25 of the patients. Five patients were not biopsied because the parents refused or because a significant impairment of the affected limb or adjacent joint might have resulted from biopsy. Twelve of 25 biopsy specimens were subjected to eubacterial PCR for molecular detection of bacterial ribosomal DNA. Standard laboratory tests included blood count, erythrocyte sedimentation rate (ESR), C reactive protein (CRP), serum ferritin, serum IgG, IgM, IgA, and HLA-B27. Serology tests documenting the presence of antibodies against Borrelia burgdorferi (enzyme linked immunosorbent assay (ELISA), immunoblotting), Salmonella species, Yersinia enterocolitica, Campylobacter jejuni, and Streptococcus pyogenes were performed. Remission was defined as the absence of pain, local swelling, functional impairment of adjacent joints, in addition to a normal number of leucocytes in the peripheral blood and normalisation of the ESR and CRP. In addition, signs of inflammation must not be present by MRI.
To assess the inflammatory activity of the bone lesions during follow up, the outcome measures included an indepth physical examination in addition to MRI and standard x ray examination. Bone scans were not routinely performed. Only when a relapse was diagnosed, was an additional bone scan performed to assess a unifocal or multifocal course. Clinical findings, the diagnostic value of histopathology, microbiology, and imaging techniques of 14 of the patients have been reported in part previously. 2 37 38 In this study the long term outcome of a larger cohort of 30 patients, as well as the therapeutic impact of treatment with the NSAID, naproxen (15 mg/kg/day), and oral glucocorticoids were evaluated. The study was performed according to the principles of the Declaration of Helsinki. Relapse was defined as re-emerging pain, local swelling, and the presence of inflammation shown by MRI.
Preparation and amplification of bacterial ribosomal DNA from biopsy specimens Bacterial ribosomal DNA analysis by PCR was done in 12 biopsy specimens of 12 different patients using procedures described previously. 2 39 For detection of eubacteria by universal 16S rDNA amplification, DNA was extracted from biopsy tissue using a QiaAmp DNA mini kit (Qiagen). Universal 16S rDNA amplification was done with primers BAK11w (59-AGTTTGATCHTGGCTCAG-39) and PC3mod (59-GGACTACHAGGGTATCTAAT) 40 and AmpliTaq Gold Polymerase (Applied Biosystems). Positive and negative controls were included in all assays, as well as controls in which the samples were spiked with positive control DNA to detect the presence of PCR reaction inhibitors. The detection limit ranges from 20 to 1000 bacteria for most eubacteria.
Statistical analysis
The Mann-Whitney rank sum test and the x 2 test were used to analyse differences between the four clinical groups of patients with CNO.
RESULTS
Clinical features
Osteomyelitis
There was a mean delay of 8 months in making the diagnosis after the first symptoms had appeared (mean age 10.3 years at onset). Of 30 patients with CNO, nine had a unifocal lesion with no relapse, three a unifocal lesion with relapses, nine multifocal lesions without relapses, and nine multifocal lesions with relapses (consistent with the diagnosis CRMO). In 30 patients, a total of 59 individual bones were affected by the inflammatory process (tables 1A, B and 2). A mean of two bones were affected in each patient (range 1-6; table 2). The clavicle was involved 14 times in 59 affected bones (24%), whereas 11/30 (37%) patients had a clavicular lesion. The anterior chest wall, including the sternum, accounted for 6/59 (10%) bone lesions, whereas 5/30 (16%) patients had an anterior chest wall lesion. Figure 1 shows the prevalence of affected bones. The total number of bone lesions was 63 and, therefore, multiple lesions of one particular bone were not seen except in one patient (table 2) . There were no significant differences in the pattern of affected individual bones comparing the four CNO subsets (x 2 test) (table 3) . The difference in recurrence of unifocal compared with multifocal courses was not significant (p = 0.914, MannWhitney rank sum test, table 1). The patient's history showed evidence suggestive of bronchial infections as a possible trigger for a relapse in only 4/12 patients.
Arthritis
It has been suggested that CRMO belongs to the spectrum of spondyloarthropathies affecting not only the joints but also, primarily, the bone. 7 13 Initially, and during the course of disease, 24/30 (80%) patients were diagnosed with arthritis of the joints adjacent to the lesion by physical examination and MRI (table 1). Synovial biopsies of five patients showed synovitis. In 24 patients with CNO and arthritis, a total of 33 joints were affected (fig 1) . Three of the patients also fulfilled the International League Against Rheumatism criteria for ''enthesitis related arthritis'' 41 at the time of presentation and two of the three still had active joint disease at the last follow up. Another two patients were diagnosed with ''enthesitis related arthritis'' after 5 and 8 years of follow up. 41 In addition, all five patients (17% of the patients) also satisfied the European Spondylarthropathy Study group criteria for spondyloarthropathy. 42 43 One of five was HLA-B27 positive.
No sacroiliitis evolved during follow up, whereas one patient was noted to have unilateral sacroiliitis at the time of diagnosis.
Skin lesions
Pustulosis of the skin was present in 23% of patients (fig 2) . In general, skin lesions tended to improve during the first year using emollients. Four of the five patients with palmoplantar involvement had complete remission of their skin lesions at the last follow up.
Laboratory tests
Initial laboratory data (tables 1A and B) showed a mean of 8.6610 9 leucocytes/l (range 4.4-13.6610 9 /l), a mean haemoglobin level of 132 g/l (range 114-144 g/l), a mean ESR of 15 mm/1st h (range 3-43 mm/1st h), and a mean ferritin level of 40.9 mg/l (range 12-245 mg/l, all normal except one multifocal recurrent patient). ESR, peripheral blood leucocytes, and ferritin did not differ between the different CNO groups (table 1, Mann-Whitney rank sum test).
All patients had normal serum IgG levels (mean 12.03 g/l), except three patients with CRMO (Nos 3, 5, 17) who had slightly raised levels. There was a significant difference in the IgG levels between multifocal non-recurrent and CRMO cases (p = 0.019, Mann-Whitney rank sum test), but not between the other groups and not between unifocal and multifocal cases regardless of the recurrent nature.
Serum IgM levels were moderately raised in four multifocal cases (Nos 3, 4, 5, 17) (mean 1.43 g/l (all)). There was a significant difference in the IgM levels between multifocal non-recurrent and CRMO cases (p = 0.04, Mann-Whitney rank sum test), but not between the other groups and not between unifocal and multifocal courses regardless of the recurrent nature.
Serum IgA levels were raised in three multifocal patients (Nos 3, 5, 23) (mean 2.34 g/l (all), range 0.71-6.54). There was a significant difference between the IgA levels of the unifocal and multifocal cases regardless of the recurrent nature (p = 0.045, Mann-Whitney rank sum test), but not between the individual groups.
None of the patients clinically or serologically showed signs of acute or chronic infection with Borrelia burgdorferi, Salmonella enteritidis, Yersinia enterocolitica, and Campylobacter jejuni. Four patients had raised anti-streptolysin-O and antistreptococcal DNA titres.
Antinuclear antibody levels were negative. The prevalence of HLA-B27 was 21%. This differs from the prevalence of HLA-B27 (9%) in the local population (p = 0.043, x 2 goodness of fit test). Antinuclear antibody levels and the prevalence of HLA-B27 did not differ between the CNO groups (table 1, x 2 test).
Course of disease
Histology
All 25 biopsies were consistent with the diagnosis of chronic osteomyelitis 2 (table 2) . There was a predominance of CD3(+), CD45RO(+) T cells, which were mainly CD4(2) and CD8(+). CD20(+) B cell infiltrates were uncommon. CD68(+) monocytes or macrophages were abundant. Reparative ; table 2 ). There were no significant differences in hyperostosis between the other groups. Histological differences could not be attributed to a delay in diagnosis.
Treatment
A total of 27 patients were treated with naproxen (15 mg/kg/ day) for an overall mean duration of 13.4 months. The mean duration of symptoms in the group of 18 patients with one single occurrence (unifocal and multifocal) was 6 months. Fifteen of these 18 patients were treated with naproxen, with a mean duration of treatment of 9 months. In general, remission was achieved with naproxen in this group. Despite hyperostosis, patients were considered to be in remission if signs of acute inflammation were absent. There was no significant difference in the duration of naproxen treatment between the unifocal and multifocal non-recurrent subset (p = 0.27, Mann-Whitney rank sum test).
Mean duration of naproxen treatment in cases with relapses was 25 months. The mean length of a relapse was 3 months. Naproxen alone was only sufficient to achieve long term remission in 5/12 patients with relapses. In one patient with relapses, naproxen treatment was successfully switched to meloxicam, another patient was treated successfully by adding sulfasalazine. There was no significant difference in the duration of naproxen treatment between the unifocal and multifocal recurrent subset (p = 0.52, Mann-Whitney rank sum test). The difference in the mean duration of naproxen Chronic non-bacterial osteomyelitis in childrentreatment in unifocal non-relapsing cases and the CRMO subset was significant (p = 0.028, Mann-Whitney rank sum test).
One of nine patients with multifocal non-relapsing disease did not achieve remission with naproxen alone. Treatment with oral glucocorticoids for 27 days (prednisone 2 mg/kg/ day over 7 days, followed by 1.5 mg/kg/day for 4 days, 1 mg/ kg/day for 4 days, 0.5 mg/kg/day for 4 days, 0.25 mg/kg/day for 4 days, 0.25 mg/kg/day alternating over 4 days) in addition to naproxen achieved long term remission for currently 3 years. Four of nine patients with CRMO with four or more relapses were treated with the same glucocorticoid regimen in addition to naproxen. This induced remission in 3/4 patients, which so far has lasted for at least 2.5 years. The fifth patient (fig 2) also achieved remission. However, the patient's disease flared 6 months later while still being treated with naproxen. Additional treatment strategies (sulfasalazine, bisphosphonate, 34 hyperbaric oxygen treatment, surgical decortication) did not induce remission. Steroid treatment was well tolerated. Notably, in 6/25 (24%) patients the biopsied bone relapsed, whereas 8/30 patients had relapses in bones without previous biopsy (27%).
Long term outcome
Biopsied as well as non-biopsied lesions were in remission exhibiting sclerosis in all and hyperostosis in 17/59 affected bones after 5 years. No longitudinal growth disturbances were noted in the affected bones. However, one patient ( fig 2) had functional impairment of the masticatory system. 44 None of the patients developed malignant diseases.
In 30 patients a total of 59 different bones were affected by osteitis. Twenty four of 30 patients were affected by arthritis and osteitis. The total number of affected joints in these 24 patients was 30. The percentages of affected bones (left side of fig 1) or joints (right side of fig 1) are shown. Figure 2A shows the maximal mouth opening and left sided mandibular hypertrophy of the patient (No 25 in table 1) during relapse. The adolescent man was affected by mild palmar pustulosis ( fig 2B) . Mandibular hypertrophy is documented in a three dimensional CT scan in addition to osteolysis of the cortical bone ( fig 2C) . Technetium-99m MDP bone scan shows the involvement of almost two thirds of the mandible and a clinically silent sternal lesion ( fig 2D) .
DISCUSSION
Unifocal and multifocal course of disease CRMO in children has been recognised as a clinical entity for almost three decades. 9 11 16 18 38 45-51 Recurrence and multiplicity of lesions may not be present in every patient initially or during the course of disease. In our cohort, patients with unifocal lesions could have a non-relapsing course or undergo relapses. Even though unifocal cases seemed to show less signs of inflammation as indicated by histology and laboratory data, patients with unifocal lesions, in principle, had comparable clinical and histological characteristics to those of patients with multiple lesions. Indeed, on occasion, single lesions were refractory to treatment. Pustulosis of the skin was present more often, but not significantly, in multifocal cases. One reason for the absence of multiple lesions and a lack of relapses might be early treatment with an NSAID in this cohort of patients. The likelihood that CNO is a spectrum of conditions ranging from an unifocal nonrecurrent course of disease to CRMO is illustrated by patient No 25 (fig 2) , who in the first 5 years of disease exhibited one chronic recurrent lesion in the mandible. After 5 years the patient met the criteria for CRMO, with a second lesion in the sternum and palmar pustulosis.
Is arthritis a feature of CNO? Recently, evolution of CRMO into enthesitis related arthritis (ERA) or spondyloarthropathy has been documented in two cohorts of children and young adults. 7 30 However, joint involvement at the time of diagnosis might have been underestimated. In our cohort, joints were often affected and the degree of involvement did not differ between the different CNO subsets. In our clinic we have 79 patients affected by ERA; five (6%) of those were also diagnosed with CNO. During follow up, two patients had CNO which evolved after 5 and 8 years into ERA. Even though evolution of CNO into ERA is uncommon, the overlap of clinical features documents the need for long term follow up. 52 
Treatment
In our experience NSAIDs are the first choice for the initial treatment and for the treatment of relapses. This is consistent with published experience in other cohorts. 7 14 28 30 53-55 However, multifocality or frequent relapses might require more intensive anti-inflammatory treatment, including steroids. 55 It is important to note that this was not a placebo controlled study, so the efficacy of treatment can only be estimated. However, when our cohort is compared with reported historical controls and subjects in our clinic, in whom the natural course of disease has been followed up over a prolonged time period, it seems evident that NSAID treatment is effective. Thus, the prevalence of disability at the last follow up in our NSAID and glucocorticoid treated cohort is much less than in non-treated controls (1/30 patients compared with 4/7 historic control patients 17 and 3/3 of our own CRMO cases). In one of the earliest CRMO cohorts reported by Bjorksten et al the mean duration of symptoms was 6.3 years, 53 compared with 19 months in our cohort.
CONCLUSION
We consider that unifocal osteomyelitis lesions which prove to be sterile and which fulfil the histological criteria of CNO/ CRMO, 2 14 belong to the same clinical spectrum as CRMO. CNO in our experience manifests as a spectrum of nonbacterial osteomyelitis in children, which in some patients may evolve into spondyloarthropathy. As long as molecular or genetic diagnostic criteria are not available, we propose that the descriptive name chronic non-bacterial osteomyelitis (CNO) might be more appropriate than CRMO. CRMO should be used only if a multifocal and recurrent course of disease is present.
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